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SUMMARY 

As p a r t  of tha Langley Research Center aeronaut ical  research program, a 
number of high-aspect-ratio s u p e r c r i t i c a l  wings i n  combination with a repre- 
s e n t a t i v e  wide-body fuselage have been t e s t ed  i n  the Langley 8-foot tran- 
sonic  pressure tunnel. For comparison, d a t a  were a l s o  obtained on a reference 
wide-body t r anspor t  wing t e s t e d  on the  same fuselage. 
tests, a s u p e r c r i t i c a l  wing having an aspect r a t i o  of 9.8, a quarter-chord 
sweep of 30°, a thickness-to-chord r a t i o  of approximately 0.12 at the mean 
aerodynamic chord, and a wing design l i f t  coe f f i c i en t  of 0.57 w a s  s e l e c t e d  
f o r  f u r t h e r  study and development. 
modified t o  provide increased s t r u c t u r a l  depth at the  wing r o o t ,  has a c r u i s e  
l i f t - d r a g  r a t i o  16 percent higher than a reference wide-body t ransport  
configuration and, based on a simplif ied s t r u c t u r a l  ana lys i s ,  t he  se l ec t ed  
supe r -c r i t i ca l  wing is approximately equivalent i n  weight t o  the  wing of t h e  
reference wide-body configuration. 

On t h e  b a s i s  of these 

The se l ec t ed  configuration, which w a s  

As p a r t  of a fu tu re ,  extensive wind-tunnel i nves t iga t ion  of propulsion/ 
airframe in t eg ra t ion ,  an i n i t i a l  exploratory wind-tunnel test has been con- 
ducted t o  determine the most favorable spanwise n a c e l l e  l oca t ion ;  pylon air- 
fo i l - sec t ion  shape; and pylon cant angle f o r  a r ep resen ta t ive  twin-engine, 
supercrit ical-wing Configuration with long-duct, flaw-through nace l l e s .  Re- 
s u l t s  f r o m  t h i s  test i n d i c a t e  a favorable e f f e c t  of nace l l e s  on t h e  drag- 
rise Mach nilmber of the configuration a t  a l i f t  coe f f i c i en t  of 0.60. 

INTRODUCTION 

As p a r t  of the Langley Research Center aeronaut ical  research program and 
i n  support of the Energy E f f i c i e n t  Transport element nf the NASA A i r c r a f t  
Energy Efficiency p r o j e c t ,  a number of high-aspect-ratio s u p e r c r i t i c a l  wings 
i n  combination with a rzpresentat ive wide-body fuselage have been t e s t ed .  
For comparison, data  were a l s o  obtained on a reference wide-body t ransport  
configuration. The present s u p e r c r i t i c a l  wings, relative t o  e x i s t i n g  sub- 
sonic  t ransport  wings, have higher aspect ratios, g r e a t e r  s e c t i o n  thickness- 
to-chord r a t i o s ,  and reduced sweepback. 
sweep and higher aspect r a t i o ,  t he  r e l a t i v e  areas of such wings would 
probably be reduced without degrading take-off and landing performance. 
pared with e a r l i e r  NASA s u p e r c r i t l c a l  wings ( r e f .  1 )  , the  present  wings in- 
corporate ref ined a i r f o i l s  ( r e f s .  2 and 3) with reduced drag c o e f f i c i e n t s  at  
c r u i s e  and improved off-design c h a r a c t e r i s t i c s .  

Also, as a r e s u l t  of t he  reduced 

Com- 
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The r e s u l t s  of t he  present paper have been divided i n t o  th ree  sect ions:  
a systematic i nves t iga t ion  of high-aspect-ratio s u p e r c r i t i c a l  wings, root- 
s ec t ion  and planform modifications t o  a configuration se l ec t ed  from the  
systematic i nves t iga t ion ,  and an i nves t iga t ion  of i n t e r f e rence  drag due t o  
long-duct, flow-through nacel les .  The wing parameters s tudied i n  the sys- 
tematic inves t iga t ion  include thickness-to-chord r a t i o ,  camber, a spec t  r a t i o ,  
and sweep. Lift-drag r a t i o s  f o r  these configurations are compared with those 
f o r  t he  reference wide-body t r anspor t  configuration, and the  e f f e c t  of t h e  
wing sec t ion  parameters on bu f fe t  onset is also presented. 
s t ruc t l r ra l  depth a t  the  wing root  with no ae-odynamic p e n a l t i e e ,  a l a r g e r  
trail ing-edge extension and a leading-edge e ~ t e n s i o n  were incorporated i n  
the se l ec t ed  configuration design. 
are a l s o  compared with those f o r  the reference wide-body t r anspor t  configuration. 
As p a r t  of a fu tu re ,  extensive wind-tunnel i nves t iga t ion  of propulsion/ 
airframe in t eg ra t ion ,  an in i t ia l  exploratory wind-tunnel test has been con- 
ducted using long-duct, flow-through n a r c l l e s  t o  determine the  most favorable 
spanwise n a c e l l e  locat ion;  pylon a i r f o i l  s ec t ion  shape; and pylon cant angle 
f o r  a r ep resen ta t ive  twin-engine, supercrit ical-wing t r anspor t  configuration. 
Results are presented t h a t  show the  e f f e c t  of the n a c e l l e  configurat ions on 
t he  drag-rise c h a r a c t e r i s t i c s  and the wing-section pressure d i s t r i b u t i o n s .  

To provide increased 

Results f o r  t h i s  modified configuration 

The r e s u l t s  of t h e  present  i nves t iga t ions  were obtained from tests con- 
ducted i n  the Langley 8-foot t ransonic  pressure tunnel’. 
t h i s  tunnel is contained in eference 4. A l l  tests were conducted a t  a 
Reynolds number of 16.4 x 10 

A desc r ip t ion  of 

i per  meter ( 5  x lo6 per  foot) .  

SYMBOLS AND ABBREVIATIONS 

Values are given i n  both S I  and U.S. Customary Units. The measurements 
and ca l cu la t ions  were made i n  U.S. Customary Units. 

AR 

b 

C 

cD 

CL 
(c,)  

DESIGN 

C 
P 
L /D 

M 

2 

aspect r a t i o  

wing span 

wing streamwise chord 

wing-body drag c o e f f i c i e n t  

wing-body l i f t  c o e f f i c i e n t  

s ec t ion  design l i f t  coe f f i c i en t  

pressure coe f f i c i en t  

l i f t - d r a g  r a t i o  

Mach number 



r a t i o  of L/D f o r  the  suDercritica1-wing configurat ions t o  
L/D f o r  the  reference wide-body configuration (LID) 

R 

X dis tance  measured from wing leading edge along a streamwise 
chord 

Y spanwise d is tance  measured normal t o  model plane of symmetry, 
0 a t  fuselage cen te r  l i n e  

z v e r t i c a l  d i s tance  measured i n  a plane normal t o  both x and y 

a angle of a t t ack ,  deg 

w e e p  angle of wing quar te r -chxd l ine,  deg c /4  

Subscr ipts  : 

SCW s u p e r c r i t i c a l  wing 

WB wide body 

Abbreviations: 

EST. estimated 

L.E. wing leading edge 

L.S. loner  sur face  

SYM. symiae t ri cal 

T.E. wing t r a i l i n g  edge 

U.S. upper su r f  ace 

SYSTEMATIC INVESTIGATION OF HIGH-ASPZCT-RATIO SUPERCRITICAL WINGS 

Configurations 

For the  present  inves t iga t ion  the  wings have reference trapezoidal-  
planform areas of approximately 0.19 m2 (2 f t 2 )  and were t e s t ed  on a common 
fuselage having a m a x i m u m  diameter of 14.54 cm (5.74 in.) and a length  of 
125.88 cm (49.56 in.) .  
s t i n g  mounted through the  back of t h e  fuselage as shown i n  f igu re  1. 
complete descr ip t ion  of t he  models and test procedures is contained i n  
reference 5. 

kll the  models were wing-body combiaat!ons t h a t  were 
A more 
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S u p e r c r i t i c a l  wix&?.- For t h e  systematic  i nves t iga t ion ,  t h ree  super- 
c r i t i c a l  wings which provf.c'ed va r i a t ions  i n  wing-section thickness-to-chora 
r a t i o  and camber ( f igs .  2 and 3) were tes ted .  A four th  s u p e r c r i t i c a l  wing 
is planned t h a t  w i l l  provide a v a r i a t i o n  i n  wing twist ( f i g .  4 ) .  

For &/4 = 27O and AR = 12,  t he  th icker  wing has maximum streamwise 
thickness-to-chord ratios of  0.16 a t  the  fuse lage  s i d e ,  0.14 a t  the planform 
break, and 0.12 a t  t h e  t i p .  The th inner  s u p e r c r i t i c a l  wing has m a x i m u m  
streamwise thickness-to-chord r a t i o s  of 0.144, 0.12, and 0.10 a t  the  same 
s t a t i o n s ,  respec t ive ly  ( f ig .  2). These wings u t i l i z e  cur ren t  NASA super- 
c r i t i ca l  a i r f o i l s  a t  t h e  planform break and t i p  s t a t i o n s  ( r e f s .  2 arid 3) ;  
t he  a i r f o i l s  have sec t ion  design l i f t  coe f f i c i en t s  of 0.7 and are or ien ted  
i n  a streamwise d i r e c t i o n  f o r  a quarter-chord sweep angle of 27'. 
f o i l  a t  t he  wing-fuselage junc ture  is not  a t y p i c a l  s u p e r c r i t i c a l  a i r f o i l ,  
and i t  w i l l  be discussed i n  a subsequent sec t ion .  Coordinates f o r  these 
wings are contained i n  reference 5 .  The t h i r d  s u p e r c r i t i c a l  wing tested 
has the  same thickness  r a t i o s  as t he  th inner  wing described above; however, 
t h e  camber f o r  t he  sec t ions  on the  o u t e r  panel is reduced ( f ig .  3). This 
reduction i n  camber corresponds t o  a decrease i n  the  sec t ion  design l i f t  
coe f f i c i en t  from 0.7 t o  0.6.  The roo t  a i r f o i l  i s  the  same f o r  both wings. 
The spanwise t w i s t  d i s t r i b u r i o n  is presented i n  f i g u r e  4. Also shown in f ig-  
u re  4 i s  the t w i s t  d i s t r i b u t i o n  f o r  a projected s u p e r c r i t i c a l  wing t h a t  w i l l  
have about 2.50 more washout than the wings already tested. 

The air- 

Each s u p e r c r i t i c a l  wing w a s  t e s t ed  a t  quarter-chord sweep angles of 27' 
and 30' ( f ig .  5 ) ,  and an aspec t - ra t io  va r i a t ion  from 12.0 t o  10.3 (based on 
a t rapezoida l  planforn) was produced by c l ipp ing  t h e  t i p s  of t h e  th inner  
wing (f ig .  5). 

Wide uody.- The spanwise thickness-to-chord r a t i o  d i s t r i b u t i o n  f o r  t h e  
wide-body t r anspor t  wing v; -ies from 0.123 a t  the  fuselage s i d e  t o  about 
0.09 over t he  outer  panel  ( f ig .  2). This wing has about 6.5' of washout, 
whereas the  s u p e r c r i t i c a l  wi-igs have 4' of washout ( f ig .  4). The planform 
has 35' of sweep a t  the  quarter-chord l i n e  and an aspect  r a t i o  of 7 ( f ig .  5 ) ,  
and t h e  wing design l i f t  coe f f i c i en t  is  0.45. 
contained i n  reference 5. 

Coordinates f o r  t h i s  wing are 

Resu 1 t s 

Results from the  systematic  i nves t iga t ion  are presented i n  f igu res  6 t o  
10. The r e l a t i v e  l i f t -d rag  r a t i o  (presented i n  f i g s .  6 t o  9) is defined as 
t h e  r a t i o  of L /D f o r  the  s u p e r c r i t i c a l  wing configurat ions a t  a l i f t  
coe f f i c i en t  of 0.60 t o  L/D f o r  the  wide-body cocf igura t ion  a t  a l i f t  coef f i- 
c i e n t  of 0.45. These l i f t  coe f f i c i en t s  are near  the  maximum L/D f o r  each 
configuration. 

Thickness and camber.- The thickness  e f f e c t  ( f i g .  6 )  is presented f o r  
t he  higher  cambered wing a t  
presented f o r  t h e  th inner  wing a t  2 7 O .  As would be expected, R(L/D)  f o r  the 
th icker  wing starts t o  decrease a t  a lower Mach number and f a l l s  o f f  much 
more abrupt ly  a t  t he  higher  Mach numbers than 
( f ig .  6) .  The lower cambered wing exh ib i t s  lower values  of R(L/D) throughout 

Ac/4 = 30°, and the  camber e f f e c t  {f ig .  7) is 

R(L/D) f c r  the  th inner  wing 
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the  Mach number range presented than the higher cambered wing ( f ig .  7). However, 
i t  should be mentioned t h a t  a t  a l i f t  c o e f f i c i e n t  of 0.53, the  values of 
L/D f o r  t he  two d i f f e r e n t l y  cambered wings are p r a c t i c a l l y  equal. 

Sweep and aspect rat io . -  Both the sweep and aspect-rat io  e f f e c t s  ( f i g s .  
8 and 9 ,  respect ively)  are presented f o r  t he  thinner ,  higher cambered super- 
cr i t ical  wing. The 30° mept-wing configuration has higher R(L/D) than the 
270 swept-wing configuration a t  Mach numbers above 0.80. 
below 0.80, t h e  lower R(L/D) 
due t o  the  s l i y i i t l y  smaller aspect  r a t i o  which r e s u l t s  when the wing is 
swept from 270 t o  30° ( f ig .  8 ) .  
with AR = 10.3 has lower R(L/D) values  throughout the Mach number range pre- 
sented ( f ig .  9) than those f o r  t he  configurat ion with AR = 12. A t  lower 
l i f t  c o e f f i c j  it, however, the d i f f e rence  would not  be as large.  

A t  Mach numbers 
values  f o r  t h e  300 swept-wing configuration are 

A s  might be expected, t he  configurat ion 

Buffet.- The e f f 2 c t  of thickness r a t i o  and camber on buffec onset a t  
a Hach number of 0.80 is presented i n  t h e  r e s u l t s  of f i g u r e  10. 
break i n  the  l i f t  curve is being used as an i nd ica t ion  of b u f f e t  onset and t h i s  
technique f o r  determining b u f f e t  onset is usually conservative. 
wing is presented a t  t he  30' sweep angle t o  give it approxiuately the same 
drag-rise Mach number as the  two other  wings. As seen i n  f igu re  10, the 
thinner ,  higher cambered s u p e r c r i t i c a l  wing has a higher buffet-onset l i f t  
coe f f i c i en t  than e i t h e r  t he  th i cke r  wing of t he  same camber o r  t h e  lower 
cambered wing of t he  same thickness. (Solid circles i n d i c a t e  bu f fe t  onset 
f o r  each configuration.)  

The f i r s t  

The th i cke r  

Selected configuration.- Of the  configurations t e s t e d ,  the th inne r ,  
higher cambered wing (AR = 12, Ac/4 = 270) provided the  highest  values  of 
R(L/D) .  
t h i s  configurat ion has a value of L/D approximately 31 percent higher than 
L/D f o r  the wide-body configuration a t  its design l i f t  c o e f f i c i e n t  of 0.45 .  
However, i n  s e l e c t i n g  a configuration f o r  f u r t h e r  development, s e v e r a l  aero- 
dynamic and s t r u c t u r a l  considerations were involved. Therefore, t he  thinner ,  
higher cambered s u p e r c r i t i c a l  wing with 30' of sweep w a s  chosen t o  provide 
the  highest  c r u i s e  Mach number with the bes t  b u f f e t  margin. 
an aspect r a t i c  of 9.8 was se l ec t ed  t o  avoid m y  s t r u c t u r a l  and landing-gear 
i n s t a l l a t i o n  problems t h a t  might occur with an aspect-ratio-12 wing i f  
current  construction techniques and materials are assumed. It should be 
mentioned t h a t  t h e  se l ec t ed  configuration with the reduced aspect r a t i o  of 
9.8 is intended t o  have winglets.  
is  contained i n  reference 6. 

For example, a t  a Mach number of 0.79 and a l i f t  c o e f f i c i e n t  of 0.60, 

In  addi t ion,  

Data f o r  t h i s  configuration with winglets 

ROOT-SECTION AND PLANFORM MODIFICATIONS TO THE 

SELECTED SUPERCmTICAL WING 

Modifications 

The root-section and planform modifications t o  the se l ec t ed  s u p e r c r i t i c a l  
wing are presented i n  f i g u r e  11. 
located approximately 1.0 cm (0.4 in . )  from the  fuselage s i d e .  

The inboard sec t ions  shown i n  f i g u r e  11 are 
The root  
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sec t ion  d i f f e r s  from the  conventional s u p e r c r i t i c a l  a i r f o i l s  on the outer  
panel i n  t h a t  i t  hss  less a f t  camber and s i g n i f i c a n t l y  reduced upper-surface 
curvature. I n  addi t ion,  the chordwise loca t ion  of maximum thickness is much 
f a r t h e r  forward. 

The l a r g e r  trail ing-edge extension allowed f o r  a s u b s t a n t i a l  increase 
i n  the thickness of the wing root  i n  the  region where the rear s p a r  and land- 
ing-gear attachment would be located. (See f i g .  11.) With the  l a r g e r  
trail ing-edge extension, the wing inboard trail ing-edge sweep angle is 0'. 
A leading-edge externion w a s  a l s o  added t o  the  selected configuration and 
i t  increased the inboard leading-edge sweep angle from about 31.8' t o  37.3'. 
(See f i g .  11.) 
l a r g e r  t ra i l ing-edge extension o r  the leading-edge extension. 

The coordinates presented i n  reference 5 do no t  include the  

Results 

The e f f e c t  of these inboard modifications ( f i g .  11) on the drag-rise 
c h a r a c t e r i s t i c s  is presented i n  f i g u r e  12 f o r  a l i f t  coe f f i c i en t  of 0.57. 
(This l i f t  c o e f f i c i e n t  is more nearly optimum f o r  AR = 9.8.) 
the l a r g e r  trail ing-edge e x t k i o n ,  no performance penalty w a s  incurred; 
moreover, t he  leading-edge extension provided an increase i n  drag-rise Mach 
number of almost 0.01, with only a small drag penalty a t  t he  lower Mach 
numbers. 

I n  adding 

The r e l a t i v e  l i f t - d r a g  r a t i o s  f o r  t he  cur:ent NASA s u p e r c r i t i c a l -  
wing configcrat ion (selected configuration with inboard modifications) are 
presented i n  f i g u r e  13. A t  a Mach number of 0.80 t h i s  configuration has 
a value of L/D almost 16 percent higher (R(L/D) = 1.16) than L/D f o r  the 
reference wide-body configuration. Although the  higher aspect-rat io ,  super -  
c r i t i ca l  wings have higher values of L/D than the current  configurat ion,  
they would also have higher s t r u c t u r a l  weight than the wing of t he  reference 
wide-body configuration. However, a s impl i f i ed  s t r u c t u r a l  ana lys i s  i nd ica t e s  
t h a t  t he  c~ t r e n t  supercrit ical-wing configurat ion with the  reduced aspect 
r a t i o  and increased s t r u c t u r a l  depth a t  the  wing root  would be epproximately 
equivalent i n  weight t o  t h a t  of t he  wing of the reference wide-body configura- 
t ion.  
a i r c r a f t  with the present s u p e r c r i t i c a l  wing than f o r  current  a i r c r a f t ,  not 
only because of t h e  higher design l i f t  coe f f i c i en t  f o r  c r u i s e ,  but a l s o  
because of t he  expected gain i n  take-off and landing 2erformance achievable 
with t h e  higher  aspect r a t i o  and lower sweep angle. 
ductions i n  wing s i z e  would r e s u l t  d i r e c t l y  i n  lower wing weight. 

Furthermore, the optimumwing loading is expected t o  be higher f o r  

The corresponding re- 

A comparison of the b u f f e t  onset f o r  t he  current  NASA supercrit ical-wing 
configuration and the reference wide-body configuration is provided i n  the 
r e s u l t s  of f i g u r e  14. As i n  f i g u r e  10, the f i r s t  break in the  l i f t  curve 
is being used as an i nd ica t ion  of bu f fe t  onset.  The s o l i d  c i r c l e s  i nd ica t e  
bu f fe t  onset f o r  each configuration. 
configuration has a higher c r u i s e  l i f t  c o e f f i c i e n t ,  i ts  r e l a t i v e  b u f f e t  
margin is l a r g e r  than t h a t  f o r  the reference wide-bJdy configuration. 
higher Mach number presented f o r  t he  reference wide-body configuration is not 
a penalty,  s ince  the drag-rise Mach number i s  about 0.1 higher than t h a t  f o r  
the supercrit ical-wing configuration. 

Even though the supercr i t ical-wing 

The 
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Recent tests have shown t h a t  the thickness on the  outer  p a n e l  can be 

A l l  the  extra thickness  was added on the  lower sur face  and 
increased approximately 10 percent at the 80-percent-chord loca t ion  with no 
drag penalty.  
extended from the  planform break t o  the  t i p .  
penalty associated with t h i s  added thickness t o  the  lmer sur face ,  t he re  is 
a reduction i n  l i f t  coe f f i c i en t  of about 0.01, which a f f e c t s  the bu f fe t  onset.  
(See f ig .  15.) Additionel increases  i n  thickness  t o  t h i s  area of t he  lower 
sur face  would, of course,  decamber the wing even fu r the r .  This add i t iona l  
lower-surface thickness i s  a l s o  not  r e f l ec t ed  i n  the coordinates contained 
i n  reference 5. 

Although there  i s  no drag 

EXPLORATORY INVESTIGATION OF SUPERCRITICAL-WING-PYLON-NACELLE 

INTERFERENCE USING LONG-DUCT, FLOW-THROUGH NACELLES 

Configurations 

The representa t ive  twin-engine supercrit ical-wing configurat ion used 
f o r  t he  flow-through nacelle inves t iga t ion  is shown i n  f igu re  16. 
s u p e r c r i t i c a l  wing has an aspect  r a t i o  of 10.3, a quarter-chord sweep of 2 7 O ,  
and approximately the  same spanwise thickncss-to-chord r a t i o  d i s t r i b u t i o n  
as t h e  thinner  s u p e r c r i t i c a l  wing of f igu re  2. 

The 

The long-duct, flow-through nace l les  w e r e  pylon mounted beneath the 
s u p e r c r i i i c a l  wing. Nacelle loca t ions  of 30, 43, and 55 percent of t he  
semispan were inves t iga ted ,  and the  nace l l e s  were t e s t ed  with both symmetrical 
and cambered pylons. The e f f e c t  of pylon cant angle was a l s o  measured. 
planform sketch of t he  model showing the  var ious n a c e l l e  loca t ions  and a 
s t r e m i s e  a i r f o i l  s ec t ion  from both t h e  symmetrical and cambered pylon are 
presented i n  f igu re  17. 
inboard s i d e  of t he  symmetrical pylon. Also, pos i t i ve  pylon cant  angle 
is an outward movement (toward t h e  wing t i p )  of t he  pylon leading edge. 

A 

The cambered pylon w a s  obtained by f l a t t e n i n g  the  

Results 

Results of the  present inves t iga t ion  ind ica t e  t h a t  the 43-percent- 
semispan nace l l e  loca t ion  w i t h  a cambered pylon having 2' of cant  angle i s  
the  optimum combination of the  parameters tes ted .  Although the  most in- 
board nace l l e  loca t ion  (30 percent semispan) r e s u l t s  i n  a higher i n s t a l l a t i o n  
drag than the  43-percent loca t ion ,  i ts i n s t a l l a t i o n  drag is ?.ess than t h a t  
of the  most outboard loca t ion  t e s t ed  (55  percent semispan). 

The drag-rise c h a r a c t e r i s t i c s  f o r  the b e s t  nacelle-pylon aryangement 
(43-percent-semispan loca t ion  with a cambered pylon at  +2' cant  angle) and 
a reference nacelle-pylon arrangement (30-percent-semispan loca t ion  with 
a symmetrical pylon a t  0' cant  angle) a r e  presented i n  f igu re  18  f o r  a l i f t  
c0efficier.t c.f 0.60. 
t h e  bas i c  w-.ig-body {nacelle-off)  configuration. T h r  nace l l e  configurat ion 
with the cambered and canted pylon has lower drag thrGughout the  Mach number 
range than the reference nace l l e  arrangement. In  addi t ion ,  by superimposing 
t h e  nacelle-on d a t a  on the nacelle-off da ta  (e l iminat ing the  d i f fe rence  

Also presented a r e  the  drag-r ise  c h a r a c t e r i s t i c s  f o r  
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i n  drag coe f f i c i en t  due t o  sk in  f r i c t i o n  and form drag) ,  i t  is possible  
t o  determine the  e f f e c t  of the nace l l e  i n s t a l l a t i o n  on drag-r ise  Mach 
number. The r e s u l t s  f o r  the  symmetrical-pylon configurat ion are the  
same as f o r  t h e  nacelles-off configurat ion;  however, t he  cambered-pylon con- 
f igu ra t ion  provides an increase i n  drag-r ise  Mach number. 

The reason f o r  t h i s  favorable  e f f e c t  OR drag-r ise  Mach rider can be  
seen i n  t h e  streamwise wing-pressure d i s t r i b u t i o n  ( j u s t  inboard of the  pylon 
a t  the 43-percent-semispan nace l l e  ioca t ion)  presented i n  f i g u r e  19. On the  
wing i mer surf  ace a shock wave occurs a t  approximately the  12-percent-chord 
loca t ion  with the  symmetrical-pylon-nacelle i n s t a l l a t i o n .  
cant ing the  pylon, the  shock wave is el iminated,  and t h i s  accounts f o r  t he  
d i f f e r e n t  drag l e v e l s  between the  two nace l l e  configurat ions.  
both nace l le  configurat ions reduce the  s t r eng th  of the  upper-surface shock 
wave and move it forward. The forward movement of t he  shock wave is  an 
ind ica t ion  of a reduction i n  the  e f f e c t i v e  l o c a l  Mach number f o r  t h i s  wing 
s t a t i o n ,  and t h i s  r e s u l t s  i n  the  favorable  e f f e c t  of the  nace l l e s  on the drag- 
rise Mach number. 

9y cambering and 

In  addi t ion ,  

The most favorable  spanwise nace l l e  l oca t ion ,  pylon air€o:'3 rhe:ic, and 
pylon cant angle determined during these tests are being incorporated i n  the  
design of a semispan model which w i l l  use powered nace l l e s  t o  determine the  
e f f e c t  of the  jet wake on the  in te r fe rence  drag ( r e f .  7). 

SUMMARY OF RESULTS 

A systematic wind-tunnel inves t iga t ion  has beer conducted on high-aspect- 
r a t i o  s u p e r c r i t i c s l  wings i n  combination with a wide-body fuselage.  
addi t ion ,  an exploratory inves t iga t ion  has been conducted of uupercr i t ica l -  
wing-pylon-nacelle in te r fe rence  using long-duct, flow-through nacel les .  The 
following r e s u l t s  were obtained: 

I n  

1. 4 configurat ion having an aspect r a t i o  of 9.8, a quarter-chord 
sweep of 70°, P thickness-to-chord r a t i o  of approximately 0.12 a t  the  mean 
aerodynamic choid. and a wing design l i f t  coe f f i c i en t  of 0.57 was se lec ted  
f o r  fu r the r  development. 

2. The selr-cted configurat ion,  which w a s  modified near t he  roo t  t o  
provide incre.isad S t ruc tura l  depth,  has a c ru i se  l i f  t-drag r a t i o  16 percent 
higher than a reference wide-body configuration. 
s t r u c t u r a l  ana lys i s ,  t h e  r e l a t i v e  weights of the  two wings would be approx- 
imately the  same. 

Based on a s impl i f ied  

3. A n  exploratory wind-tunnel inves t iga t ion  of long-duct, flow-through 
nace l les  with properly designed pylons ind ica tes  a favorable e f f e c t  of 
nace l l e s  on t he  drag-r ise  Mach number of a supercr i t ica l -wing  configurat ion 
a t  a l j f t  coe f f i c i en t  of 0.60. 

Langlay Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
June 7 ,  1978 

8 



REFERESCES 

1. Superc r i t i ca l  Wing Technology - A Progress Report on Fl ight  Evaluations.  
NASA SP-301, 1972. 

2. Harris, Charles D.: Aerodynamic Charac te r i s t ics  of the  10-Percent-Thick 
NASA S u p e r c r i t i c a l  A i r f o i l  33 Designed f o r  a Normal-Force Coeff ic ien t  
of 0.7. NASA Ttl X-72711, 1975. 

3. Harris, Charles D.: Aerodynamic Charac t e r i s t i c s  of a 14-Percent-Thick 
NASA S u p e r c r i t i c a l  A i r f o i l  Designed f o r  a Normal-Force Coeff ic ien t  of 
0.7. NASA TM X-72712, 1975. 

4. Schaefer, W i l l i a m  T., Jr.: Charac t e r i s t i c s  of Major Active Wind Tunnels 
at the  Langley Research Center. NASA TM X--1130, 1965. 

5. Bartlett,  Dennis W.: Wind-Tunnel Inves t iga t ion  of Several  High Aspect- 
Ratio S u p e r c r i t i c a l  Wing Configurations on a Wide-Body-Type Fuselage. 
NASA TM X-71996, 1977. 

6. Flechner, S t u a r t  G . ;  and Jacobs, Pe te r  F.: Experimental R e s u l t s  of 
Winglets on F i r s t ,  Second, and Third Generation Jet Transports.  _CTOL 
Transport Technology - 1978, NASA CP-2036, Pt .  11, 1978, pp. 553-569. 
(Also ava i l ab le  as NASA TM-72674.) 

7. Pat terson,  James C . ,  Jr.: A Wind-Tunnel Inves t iga t ion  of the  Jet-Wake 
Effec t  of a High-Bypass Engine on Wing-Nacelle In te r fe rence  Drag of a 
Subsonic Transport. NASA TN D-4693, 1968. 

9 





Figure 3 . -  ,-line coordinrtes for the mean geometric chord (thinner wing). 
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Figure 4.- Spanwlse t w i s t  distributions.  
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Figure 5.-  Planform variables. 
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Figure 6.-  Effect of sectian thickness on R = 0.7; = 30'; 

AR = 11.4. 
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Figure 7.- Effect of section camber on R Thinner wing; 27'; 

AR * i2.0. 
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Figure 9.- Effect of aspect ratio on R 
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Figure 10.- Effect of sect ion varibles on buffet onset a t  M = 0.80. 
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L . E .  EXTENDED INBOARD SECTION 
(y/b/2 = 0.12) 

UNMOD IF IED 
T. E. EXTENDED A 

Ti5,..-: 11.-  Root-section and planform modifications to the selected 
supercritical wing. I . 2 l 4  = 30°; AR = 9 . 8 .  
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L.E.  EXTENDED 
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---- 
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Figure 12.- Effect of root sectloi. and platform modifications on drag-rise 

characteristics. 
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Figure 13.- Relative lift-drag ratio for the current NASA configuration. 
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14.- Comparison of buffet onset for the current 
wide-body configurations. 
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NACELLE SPAN W I SE 
POSITIONS PYLON CAMBER ~~ AND CANT m + \  
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Figure 17.- Flow-through nacelle configurations. 

30% b/2, SYM. PYLON, CANT = 00 

NACELLES ON 

CANT = +Z0 
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Figure 18.- Effect of nacelles on drag-rise characteristics at CL = 0.60. 
Ac,4 = 27'; AR * 10.3. 
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h 0 NACELLES OFF 

x l  c 

Figure 19.- Effect of nacelles on wing pressure distribution (inboard of pylon 
at 4 3  percent b/2). 
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